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Abstract 



A search for squarks and gluinos in events containing jets, missing transverse momentum and no electrons or muons is presented. 
_The data were recorded in 20 11 by the ATLAS experiment in = 7 TeV proton-proton collisions at the Large Hadron Collider 
■No excess above the Standard Model background expectation is observed in 1.04 fb"' of data. Gluino and squark masses below 
[700 GeV and 875 GeV respectively are excluded at the 95% confidence level in simplified models containing only squarks of the 
psj -first two generations, a gluino octet and a massless neutralino. The exclusion limit increases to 1075 GeV for squarks and gluinos of 
5_i 'equal mass. In MSUGRA/CMSSM models with tan/? = 10, Aq = and ju > 0, squarks and gluinos of equal mass are excluded for 
■masses below 950 GeV. These limits extend the region of supersymmetric parameter space excluded by previous measurements. 
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1. Introduction 



^ . Many extensions of the Standard Model (SM) include heavy 

(]J 'coloured particles, some of which could be accessible at the 

^ . Large Hadron Collider (LHC) Ht]. The squarks and gluinos of 

supersymmetric (SUSY) theories |Q] are one class of such par- 

.tides. This Letter presents a new ATLAS search for squarks 

'and gluinos in final states containing only jets and large miss- 

.ing transverse momentum. This final state can be generated 

J> "by a large number of 7? -parity conserving models yfl in which 

.squarks, q, and gluinos, g, can be produced in pairs {gg, qq, qg] 

[and can decay via q — > qx\ and g qqx\ to weakly interacting 
^•fi " ~o 

\^ ■neutralinos,;\fi, which escape the detector unseen. The analysis 
presented here is based on a purely hadronic selection; events 
with reconstructed electrons or muons are vetoed to avoid over- 
lap with a related ATLAS search 10]. This updated analysis 
uses 1.04 fb^'of data recorded in 2011 and extends the sensi- 
tivity of the previous search described in Ref. fsfl by including 
• .final state topologies with at least four jets, rather than three as 
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.before. The statistical analysis benefits from an improved tech- 
■nique which uses a combined likelihood fit across all the control 
regions used to determine the background contributions, in or- 
der to take into account correlations among the measurements. 
The search strategy is optimised for maximum discovery reach 
in the (otj, ;7Zij)-plane for a set of simplified models in which 
all other supersymmetric particles (except for the lightest neu- 
tralino) are assigned masses beyond the reach of the LHC. Cur- 
rently, the most stringent limits on squark and gluino masses 
are obtained at the LHC ||llll3l. 



ometry and nearly 47r coverage in solid angle Q The layout 
of the detector is dominated by four superconducting mag- 
net systems, which comprise a thin solenoid surrounding the 
inner tracking detectors and three large toroids supporting a 
large muon spectrometer. The calorimeters are of particu- 
lar importance to this analysis. In the pseudorapidity region 
< 3.2, high-granularity liquid-argon (LAr) electromagnetic 
(EM) sampling calorimeters are used. A steel-scintillator tile 
calorimeter provides hadronic coverage over I;;! < 1.7. The 
end-cap and forward regions, spanning 1.5 < |?7| < 4.9, are 
instrumented with LAr calorimetry for both EM and hadronic 
measurements. 

The data used in this analysis were collected in the first half 
of 2011 with the LHC operating at a centre-of-mass energy 
of 7 TeV. Application of beam, detector and data-quality re- 
quirements resulted in a total integrated luminosity of 1 .04 ± 
0.04 fb"' The main trigger required events to contain a 
leading jet with a transverse momentum {pi), above 75 GeV 
and missing transverse momentum above 45 GeV. The trig- 
ger used an energy scale calibrated for electromagnetic objects. 
The details of the trigger specifications varied throughout the 
data-taking period, partly as a consequence of the rapidly in- 
creasing LHC luminosity. The efficiency of the trigger is > 98 
% for events selected by the offline analysis. The average num- 
ber of proton-proton interactions per bunch crossing in the data 
sample was approximately six. 

3. Object Reconstruction 

The requirements used to select jets and leptons (objects) 
are chosen to give sensitivity to a range of SUSY models. Jet 



2. The ATLAS Detector and Data Samples 

The ATLAS detector H is a multipurpose particle physics 
apparatus with a forward-backward symmetric cylindrical ge- 



ATLAS uses a right-handed coordinate system with its origin at the nomi- 
nal interaction point in the centre of the detector and the z-axis along the beam 
pipe. Cylindrical coordinates (r, ^) are used in the transverse plane, <f> being the 
aziinuthal angle around the beam pipe. The pseudorapidity is defined in terms 
of the polar angle aiVj = ~ lntan(0/2). 
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candidates are reconstructed using the anti-^, jet clustering al- 
gorithm 10, [loll with a distance parameter of 0.4. The inputs 
to this algorithm are three-dimensional clusters of calorime- 
ter cells il ill seeded by those with energy significantly above 
the measured noise. Jet momenta are constructed by perform- 
ing a four-vector sum over these cell clusters, treating each as 
an [E, p) four-vector with zero mass. These jets are corrected 
for the effects of calorimeter non-compensation and inhomo- 
geneities by using pj and /y-dependent calibration factors based 
on Monte Carlo (MC) and validated with extensive test-beam 
and collision-data studies 11211 . Furthermore, the reconstructed 
jet is modified such that the jet direction points to the primary 
vertex, defined as the vertex with the highest summed track p^, 
instead of the geometrical centre of the ATLAS detector. Only 
jet candidates with corrected transverse momenta pj > 20 GeV 
are subsequently retained. For 84% of the data used, a tempo- 
rary electronics failure in the LAr barrel calorimeter created a 
dead region in the second and third longitudinal layers, approx- 
imately 1 .4 X 0.2 in At; x A0, in which on average 30% of the 
incident jet energy is lost. The impact on the reconstruction ef- 
ficiency for Pi > 20 GeV jets is found to be negligible. If any 
of the four leading jets fall into this region the event is rejected, 
causing a loss of signal acceptance which is smaller than 15% 
for the models considered here. 

Electron candidates are required to have pj > 20 GeV, have 
It/I < 2.47, and pass the 'medium' shower shape and track se- 
lection criteria of Ref. 11311 . Muon candidates 11311 are required 
to have pj > 10 GeV and It/I < 2.4. Since no use is made of 
tau-lepton candidates in this analysis, in the following the term 
lepton will refer only to electrons and muons. 

The measurement of the missing transverse momentum two- 
dimensional vector P^'^'* (and its magnitude is™"'^) is then 
based on the transverse momenta of all electron and muon can- 
didates, all jets which are not also electron candidates, and all 
calorimeter clusters with It/I < 4.5 not associated to such ob- 
jects. 

Following the steps above, overlaps between candidate jets 
with [rjl < 2.8 and leptons are resolved using the method of 
Ref. lll4ll as follows. First, any such jet candidate lying within 



a distance AR - ^/(AqpnA0 = 0.2 of an electron is dis- 
carded: then any electron or muon candidate remaining within 
a distance AR - 0.4 of any surviving jet candidate is discarded. 
Next, all jet candidates with |t/| > 2.8 are discarded. Thereafter, 
the electron, muon and jet candidates surviving this procedure 
are considered as "reconstructed", and the term "candidate" is 
dropped. 



4. Event Selection 

Following the object reconstruction described above, events 
are discarded if they contain any electrons or muons with pj > 
20 GeV, or any jets failing quality selection criteria designed to 
suppress detector noise and non-collision backgrounds (see e.g. 
Ref. lli). 

These selections include a veto on leading jets (with pj > 
100 GeV and |t/| < 2) which have a low fraction (< 0.05) of their 
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Table 1 : Criteria for admission to each of the five overlapping signal regions 
(meff , i?™"** and px in GeV). All variables are defined in Section|4] The mefj is 
defined with a variable number of jets, appropriate to each signal region. In the 
high mass selection, all jets with pT > 40 GeV are used to compute the fjiefj 
value used in the final cut, but the E^^^^ definition is unchanged. The cut is 
only applied up to the third leading jet. 



Pi carried by charged tracks, and a requirement that the leading 
jets all have consistent timing information from the calorime- 
ters. Events are also rejected if the reconstructed primary vertex 
is associated with fewer than five tracks. 

In order to achieve maximal reach over the {m-^, T7t^)-plane, 
five signal regions are defined. Squarks typically generate 
at least one jet in their decays, for instance through q 
qx'i, while gluinos typically generate at least two, for instance 
through g — > qqX^. Processes contributing to qq, qg and gg fi- 
nal states therefore lead to events containing at least two, three 
or four jets, respectively. Cascade decays of heavy particles 
tend to increase the final state multiplicity. Four signal re- 
gions characterized by increasing jet multiplicity requirements 
are therefore defined as shown in Table [1] with the leading jet 
having pj > 130 GeV, and other jets pi > 40 GeV. The ef- 
fective mass, TTTeff, is calculated as the sum of is™^^ and the 
magnitudes of the transverse momenta of the two, three or four 
highest Pj jets used to define the signal region. Two four-jet 
signal regions are defined requiring T7ieff > 500 GeV (opti- 
mised for small mass differences between SUSY mass states) 
and TTTeff > 1000 GeV (optimised for higher mass differences). 
In addition, a fifth 'high mass' signal region is derived from the 
four-jet sample, with more stringent requirements on the pt of 
the non-leading jets (> 80 GeV) and on TTieff (> 1100 GeV), 
in order to give maximal reach in the SUSY mass spectrum. 
For this latter signal region the transverse momenta of all jets 
with Pj > 40 GeV are used to compute TTJeu . In Table [1] 



A(p(jet, Pj™*^)min is the smallest of the azimuthal separations be- 
tween P.^""*^ and jets with pj > 40 GeV (all reconstructed jets 
up to a maximum of three, in descending order of pj). Re- 
quirements on A0(jet, P.^"*^)n,in and ^""^Vweff are designed to 
reduce the background from multi-jet processes. 



5. Backgrounds, Simulation and Normalisation 

Standard Model background processes contribute to the 
event counts in the signal regions. The dominant sources are: 
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W+jets, Z+jets, top pair, single top, and multi-jet produc- 
tion. Non-collision backgrounds have been found to be neg- 
ligible. The majority of the W+jets background is composed of 
W ^ TV events, or W — > ev,juv events in which no electron or 
muon candidate is reconstructed. The largest part of the Z-njets 
background comes from the irreducible component in which 
Z — > vv decays generate large £'™''*^ Hadronic t decays in 
tt — » bbrvqq and single top events can also generate large E™"*^ 
and pass the jet and lepton requirements at a non-negligible 
rate. The multi-jet background in the signal regions is caused 
by misreconstruction of jet energies in the calorimeters leading 
to apparent missing transverse momentum, as well as by neu- 
trino production in semileptonic decays of heavy quarks. Ex- 
tensive validation of the MC simulation against data has been 
performed for each of these background sources and for a wide 
variety of control regions. 

In order to estimate the backgrounds in a consistent fashion, 
five control regions (CRs) are defined for each of the five sig- 
nal regions (SRs), giving 25 CRs in total. The orthogonal CR 
event selections are designed to provide uncorrected data sam- 
ples enriched in particular background sources. Each ensemble 
of one SR and five CRs constitutes a different 'channel' of the 
analysis. The CR selections are optimised to maintain adequate 
statistical weight, while minimising as far as possible the sys- 
tematic uncertainties arising from extrapolation to the SR. The 
purities of the CRs for the main background processes in which 
they are enriched exceed 50% in all cases. 

For each channel, measurements in the CRs are used to de- 
rive background expectations in the SR through the use of 
'transfer factors' equivalent to the ratios of expected event 
counts in the CRs and SR, derived independently of the data ob- 
servations in the CR and SR. Some uncertainties, such as those 
arising in MC simulation from the jet energy scale and physics 
modelling, are reduced in the transfer factors. The combined 
likelihood fit across all control regions ensures that the back- 
ground estimates are consistent for all processes, taking into 
account contamination of the CRs by multiple SM processes. 

The likelihood function is built by the Poisson probability 
density function (pdf) describing the SR and the CRs and a pdf 
describing the systematic uncertainties: 

b, 0) = PsR X PwR X PtR X PzRa X PzRb X Pqr X Csyst. 

The mean of the Poisson pdfs in the CRs are defined as 

j 

where the index j runs over the background control regions, /i 
is the signal strength, bju is the background j in Region R and 
CjR->s R the transfer factor of process j from region R to the SR. 
The terms Cqr^qr, CwR^wR,CzRa,b^zRa,b, Ctr^tr are by con- 
struction all equal to 1. Since the fit is not over-constrained 
in CR2, CR3 and CR4, where there is a single estimate of 
the background, the fit output matches the observed number of 
events in these regions by construction. This is not the case 
in CRla and CRlb which both estimate the same background 
process, and a best fit number is produced in these regions. 



The transfer factors are obtained from a combination of data 
and MC inputs. Those for multi-jet processes are estimated us- 
ing a data-driven technique based upon the smearing of jets in 
a low £'™'*'* data sample ('seed' events with £'™'*V -y/E/jj-ijet) < 
0.6 GeV'^^) with jet response functions tuned by comparison 
with multi-jet dominated data control regions fl. For the 
Z+jets, W+jets and top quark processes they are derived from 
MC. For each channel a likelihood fit is performed to the ob- 
served event counts in the five CRs, taking into account corre- 
lations in the systematic uncertainties in the transfer factors. 

The irreducible background from Z(vv)+jets events is es- 
timated using control regions enriched in related processes 
with similar kinematics: events with isolated photons and jets 
lfl6ll and events due to Z(ee/////)+jets (control regions denoted 
'CRla' and 'CRlb' respectively). The reconstructed momen- 
tum of the photon or the lepton-pair system is added to P™^'^ to 
obtain an estimate of the £'™'*'* observed in Z(vv)+jets events. 
The results from both control regions are found to be in good 
agreement, and both are used in the final fit. The small ad- 
ditional background contributions arising from Z decays to 
misidentified charged leptons, and misidentified photon events, 
are estimated using the same control regions with appropriate 
transfer factors. 

The background from multi-jet processes is determined using 
control regions (CR2) in which the cut on A0(iet, P^^^^'^)m\n is 
reversed and tightened: A0(jet, Prf""***)!!!!!! < 0.2. This selects 
events in which P^^^^ is aligned with one of the three leading 
jets in the transverse plane. Such a topology is characteristic of 
events containing mismeasured jets, or neutrino emission from 
heavy flavour decays within jets. A separate control region is 
used to estimate the additional multi-jet background generated 
by events affected by the temporarily dead region in the barrel 
EM calorimeter; this result is added to the multi-jet background 
estimate obtained from CR2. 

The background from W{(v)+]tX.s production is estimated 
from samples of events with a lepton {(), E™^^ > 130 GeV 
and a transverse mass of the (f, E™^^) system between 30 GeV 
and 100 GeV, i.e. consistent with the W mass (control regions 
CR3). A veto against jets arising from fe-quark decays, based 
on a tagging procedure exploiting both impact parameter and 
secondary vertex information, is applied to remove events con- 
taining top quarks. In this CR, leptons are treated as jets for the 
computation of the kinematic variables. 

The background from top quark production is estimated us- 
ing the same selection as for W(^v)+jets events, but replacing 
the b-jet veto with a b-tag requirement (control regions CR4). 
This enhances the population of events containing top quark de- 
cays relative to that of direct W production events. The result- 
ing transfer factors include the contribution from events where 
both top quarks decay semi-leptonically, as well as events due 
to single top production. 

MC simulation samples are used to develop the analysis, 
determine the transfer factors used to estimate the W+jets, 
Z+jets and top quark backgrounds, and assess the sensitivity 
to specific SUSY signal models. Samples of multi-jet events 
from quantum-chromodynamic (QCD) processes are generated 



3 



with PYTHIA UlTD, using the MRST2007LD* modified leading- 
order parton distribution functions (PDFs) jlSll. Production 
of top quark pairs is simulated with MCQNLO II191 120I1 (with a 
top quark mass of 172.5 GeV) and the Next-to-Leading Or- 
der (NLO) PDF set CTEQ6 . 6j|2ltl Single top production is 
also simulated with MCONLO 122112311. Samples of W and Z/y* 
events with accompanying jets are generated with ALPGEN 12411 
and PDF set CTEQ6L1 ll25ll . Fragmentation and hadroniza- 
tion for the ALPGEN and MCQNLO samples is performed with 
HERWIG using JIMMY Q for the underlying event. 

SUSY signal samples are generated with HERWIG++ 129], nor- 
malised using NLO cross sections determined with PROSPINO 
isoll . The MC samples are produced using ATLAS parame- 
ter tunes 13111 and are processed through a GEANT4 ll32ll based 
detector simulation |33y. Corrections are applied for small dif- 
ferences in reconstruction efficiencies, energy scales and res- 
olutions between data and MC. Varying pile-up conditions as 
a function of the instantaneous luminosity are taken into ac- 
count by reweighting the simulated events according to the 
mean number of interactions per bunch crossing observed in 
the data. Multi-jet MC samples, presented here in some figures 
for illustrative purposes only, are normalised to a sample of di- 
jet events with A0(jet, ™^'')min < 0.4. In all other cases the 
best available NLO or Next-to-NLO theoretical cross-section 
calculations were used. 

6. Systematic Uncertainties 

Systematic uncertainties arise from the use of the transfer 
factors relating observations in the control regions to back- 
ground expectations in the signal regions, and from the mod- 
elling of the SUSY signal. For the transfer factors derived from 
MC, the primary common sources of systematic uncertainty are 
the jet energy scale and resolution, physics modelling and re- 
construction performance in the presence of pile-up. 

The jet energy scale uncertainty has been measured from 
the complete 2010 data set using the procedure described in 
Ref. II12II . It depends upon pj, 77 and proximity to adjacent jets, 
and on average amounts to around 4%. The jet energy resolu- 
tion measured with 2010 data ll34ll is applied to the MC jets, 
with the difference between the re-calibrated and nominal MC 
resolution taken as the systematic uncertainty. Additional con- 
tributions are added to both of these uncertainties to take into 
account of the impact of pile-up at the relatively high luminosity 
delivered by the LHC in the 2011 run. Both in-time pile-up, i.e. 
multiple collisions within the same bunch crossing, and out-of- 
time pile-up, which arises from the detector response to neigh- 
bouring bunch crossings, have efi'ects on jet energy measure- 
ments. These were studied in detail as a function of the average 
number of collisions per bunch crossing and by comparing data 
recorded with 75 and 50 ns bunch spacing. A worsening in the 
jet energy resolution in the forward region is observed when 
moving from 75 to 50 ns operation; a systematic uncertainty 
of 0.07 X Pj is therefore applied to jets with |^| > 2.8, used 
for the £'™'^'* calculation. The combined effects of in-time and 
out-of-time pile-up on the jet energy scale are accounted for by 
an additional conservative systematic uncertainty of up to 7% 



depending on \t]\ and pj. All these uncertainties are propagated 
to the £'"'^'^ measurement. The impact of in-time pile-up on 
other aspects of the selection was also investigated and found 
to be negligible as expected given the high energies of the jets 
entering the signal samples. 

The dominant modelling uncertainty in MC predictions for 
the signal region and control regions arises from the treatment 
of jet radiation, which affects the calculation of wieff . In order 
to assess this uncertainty, the main backgrounds are estimated 
using alternative generators (ALPGEN rather than MCSNLO for tt 
production) or reduced jet multiplicity (ALPGEN processes with 
0^ partons instead of 0-5 partons for W/Z+jets production). 
The impact of renormalisation and factorisation scale variations 
and PDF uncertainties was also studied. DiflFerences in the ab- 
solute expectations for the numbers of events in the SR and CR 
as high as 100% are observed for specific processes; the im- 
pact on the ratios used in the transfer factors is, however, much 
smaller (differences <40%, channel dependent). 

Additional uncertainties considered, for specific processes, 
include those arising from photon and lepton trigger efficiency, 
reconstruction efficiency, energy scale and resolution (CRla, 
CRlb, CR3 and CR4), Zj-tag/veto efficiency (CR3 and CR4), 
photon acceptance and backgrounds (CRla) and the limited 
size of MC samples (all CRs). Uncertainties on the multi-jet 
transfer factors are dominated by the modelling of the non- 
Gaussian tails of the response function. Other sources, includ- 
ing the limited number of data events, and uncertainties on the 
Gaussian part of the response functions, are also considered. 

Systematic uncertainties on the expected SUSY signal are es- 
timated by varying the factorisation and renormalisation scales 
in PROSPINO between half and twice their default values and by 
considering the PDF uncertainties provided by CTEQ6. Uncer- 
tainties are calculated for individual production processes {qq, 
gg, and qg) and are typically ~35% in the vicinity of the limits 
expected to be set by this analysis. Jet energy scale and resolu- 
tion, and pile-up uncertainties on SUSY signal expectations are 
typically smaller than 30-40%. 



7. Results, Interpretation and Limits 

The observed signal region mefj distributions for each of the 
channels used in this analysis are shown in Figure [T] together 
with MC background expectations prior to using the likelihood 
fitting procedure. The number of observed data events and the 
number of SM events expected to enter each of the signal re- 
gions, determined using the likelihood fit, are shown in Table|2l 
The data are found to be in good agreement with the back- 
ground expectation and no excess is observed. To illustrate the 
procedure, the inputs and outputs of the combined likelihood fit 
for the high mass channel are shown in Table[3] 

Data from the five channels are used to set the limits, taking 
the channel with the best expected limit at each point in param- 
eter space. The limit for each channel is obtained by comparing 
the observed numbers of signal events with those expected from 
SM background plus SUSY signal processes, taking into ac- 
count uncertainties in the expectation including those which are 
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Process 


Signal Region 


> 2-jet 


> 3-jet 


> 4-jet, 
meff > 500 GeV 


> 4-jet, 
HJeff > 1000 GeV 


High mass 


Z/y+jets 
W+jets 
tt+ single top 
QCD multi-jet 


32.3 ± 2.6 ± 6.9 

26.4 ± 4.0 ± 6.7 
3.4 ± 1.6 ± 1.6 

0.22 ± 0.06 ± 0.24 


25.5 ± 2.6 ± 4.9 

22.6 ± 3.5 ± 5.6 
5.9 ± 2.0 ± 2.2 

0.92 ±0.12 ±0.46 


209 ± 9± 38 
349 ± 30 ± 122 
425±39± 84 
34 ± 2± 29 


16.2 ± 2.2 ± 3.7 
13.0 ± 2.2 ± 4.7 
4.0 ± 1.3 ± 2.0 
0.73 ±0.14 ±0.50 


3.3 ± 1.0 ± 1.3 
2.1 ± 0.8 ± 1.1 
5.7 ± 1.8 ± 1.9 
2.10 ±0.37 ±0.82 


Total 


62.4 ± 4.4 ± 9.3 


54.9 ± 3.9 ± 7.1 


1015 ±41 ± 144 


33.9 ± 2.9 ± 6.2 


13.1 ± 1.9± 2.5 


Data 


58 


59 


1118 


40 


18 



Table 2: Fitted background components in each SR, compared with the number of events observed in data. The Z/y+jets background is constrained with control 
regions CRla and CRlb, the QCD muhi-jet, W and top quark backgrounds by control regions CR2, CR3 and CR4, respectively. In each case the first (second) 
quoted uncertainty is statistical (systematic). Background components are partially correlated and hence the uncertainties (statistical and systematic) on the total 
background estimates do not equal the quadrature sums of the uncertainties on the components. 





Signal / Control Region 




CRla 


CRlb 


CR2 


CR3 


CR4 


SR 


Data 


8 


7 


34 


15 


12 


18 


Targeted background 


Z/y-l-jets 


Z/y+jets 


QCD multi-jet 


VK+jets 


tt + single top 




Transfer factor 


0.374 


0.812 


0.063 


0.196 


0.372 




Fitted Z/y+jets 


8.3 


5.8 


0.7 


0.5 


0.0 


3.3 


Fitted QCD multi-jet 






29.8 


0.8 


0.6 


2.1 


Fitted IV+jets 






0.5 


10.0 


0.4 


2.1 


Fitted tt + single top 




0.0 


3.0 


3.7 


11.0 


5.7 


Fitted total background 


8.3 


5.9 


34.0 


15.0 


12.0 


13.1 


Statistical uncertainty 


±2.7 


±1.2 


±5.8 


±3.9 


±3.5 


±1.9 


Systematic uncertainty 


±0.6 


±1.7 


±0.1 


±0.1 


±0.2 


±2.5 



Table 3: Numerical inputs (i.e. the obsei-ved numbers of events in data) to and outputs from the likelihood fit to the control regions for the high mass channel. Each 
background process listed in the second row is measured using a control region, and the corresponding transfer factor is listed in the third row. An entry '-' in rows 
5-7 indicates that the process in that row is assumed not to contribute to the control region (based on Monte Carlo studies) and hence is excluded from the fit. All 
numerical entries give event counts, with the exception of the transfer factors. 
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Figure 1 : The observed nics distributions in the signal regions for the > 2 jet channel (top left), the > 3 jet channel (top right) and the two > 4 jet channels (bottom 
left), and for the high mass channel using the inclusive detinition of m^tf (bottom right), after all the selection criteria but the m^g cut. These plots also show the 
expected SM contributions obtained from MC simulated samples prior to normalisation using the data-driven likelihood method described in the text. The red 
arrows indicate the lower bounds on m^g used in the final signal region selections. The expectation for a MSUGRA/CMSSM reference point with mo = 660 GeV, 
mi/2 = 240 GeV, Aq = 0, tan/3 =10 and ^ > is also shown. This reference point is also indicated by the star on Figure |2] Below each plot the ratio of the 
data to the SM expectation is provided. Black vertical bars show the statistical uncertainty from the data, while the yellow band shows the size of the systematic 
uncertainties from the MC simulation. 
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correlated between signal and background (for instance jet en- 
ergy scale uncertainties). The impact of SUSY signal contam- 
ination of the control regions is taken into account by applying 
MC-derived model dependent correction factors ~ 0.97-1.02 
to the resulting exclusion significance values. The excluded re- 
gions are obtained using the CLs prescription 14 ill . 

An interpretation of the results is presented in Figure |2] (left) 
as a 95% confidence exclusion region in the (rrig, m^)-plane for 
a simplified set of SUSY models with m{X^i) - 0. In these 
models the gluino mass and the masses of the squarks of the 
first two generations are set to the values shown in the fig- 
ure. All other supersymmetric particles, including the squarks 
of the third generation, are decoupled by being given masses 
of 5 TeV. The limits are reduced by decay chain kinematics if 
m(X^) is comparable to the squark or gluino mass. ISASUSY 
from ISAJET 1^ v7.80 is used to calculate the decay tables, 
and to guarantee consistent electroweak symmetry breaking. 

The results are also interpreted in the tanjS = 10, Aq = 0, 

> slice of MSUGRA/CMSSMI in Figure |2] (right). 
These limits include the effects of the mass spectrum of the 
SUSY particles on their decay chains. In regions of parameter 
space with small mass splittings between states, the modelling 
of initial state radiation can affect the signal significance. This 
modelling is taken from HERWIG without modification. 

In the limit of light neutralinos, with the assumption that the 
coloured sparticles are directly produced and decay directly to 
jets and Xu the limits on the gluino and squark masses are ap- 
proximately 700 GeV and 875 GeV respectively for squark or 
gluino masses below 2 TeV, rising to 1075 GeV if the squarks 
and gluinos are assumed to be mass-degenerate. These limits 
remain essentially unchanged if the xl mass is raised as high 
as 200 GeV. In the case of a specific SUSY-breaking scenario, 
i.e. CMSSM/MSUGRA with tan/3 = 10, Aq ^ 0, fi > 0, the 
limit on mi/2 reaches 460 GeV for low values of mo, and equal 
mass squarks and gluinos are excluded below 950 GeV. The use 
of signal selections sensitive to larger jet multiplicities than in 
Jstl has improved the ATLAS reach at large mo- The five sig- 
nal regions are used to set limits on a-„e„ - crAe, for non-SM 
cross-sections (cr) for which ATLAS has an acceptance A and a 
detection efliciency of e p4|. The excluded values of cr„p„, are 
22 fb, 25 fb, 429 fb, 27 fb and 17 fb, respectively, at the 95% 
confidence level. 



8. Summary 

This Letter reports a search for new physics in final states 
containing high-pj jets, missing transverse momentum and no 
electrons or muons with > 20 GeV. Data recorded by the 
ATLAS experiment a the LHC, corresponding to an integrated 
luminosity of 1.04 fb ' have been used. Good agreement is 



Five parameters are needed to specify a particular MSUGRA/CMSSM 
model. They are the universal scalar mass, mo, the universal gaugino mass 
mi/2, the universal trilinear scalar coupling, Aq, the ratio of the vacuum expec- 
tation values of the two Higgs fields, tan and the sign of the higgsino mass 
parameter, // > or < 0. 



seen between the numbers of events observed in the five signal 
regions and the numbers of events expected from SM sources. 
The exclusion limits placed on non-SM cross sections impose 
new constraints on scenarios with novel physics. 

The results are interpreted in both a simplified model con- 
taining only squarks of the first two generations, a gluino octet 
and a massless neutralino, as well as in MSUGRA/CMSSM 
models with tanyS = 10, Aq = and jj > 0. In the sim- 
plified model, gluino and squark masses below 700 GeV and 
875 GeV respectively are excluded at the 95% confidence level 
for squark or gluino masses below 2 TeV, with the limit increas- 
ing to 1075 GeV for equal mass squarks and gluinos. In the 
MSUGRA/CMSSM models, equal mass squarks and gluinos 
are excluded below 950 GeV. 
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G. Blanchot^'', T. Blazek'^^^, C. Blocker^^, J. Blocki^^^ A. Blondel^'', W. Blum'*', U. Blumenschein^^, G.J. Bobbink'^^ 

V.B. Bobrovnikov'°^ S.S. Bocchetta™, A. Bocci''^, C.R. Boddyll^ M. Boehler^', J. Boeki^\ N. Boelaert^^^ S. Boser", 

J.A. Bogaerts-'', A. Bogdanchikov"", A. Bogouch'"' *, C. Bohm"'6^ V. Boisvert^^ T. Bold'*'^'?, V. Boldea^^^ N.M. Bolnetl^^^ 

M. Bona", V.G. Bondarenko'*^ M. BondioU'^^ M. Boonekamp'^^^ G. Boorman^*", C.N. Booth'^^ S. Bordoni^^ C. Borer''', 

A. Borisov'^**, G. Borissov^', I. Borjanovic'^^, S. Borroni**^, K. Bos'°^, D. Boscherini'^", M. Bosman", H. Boterenbrood'"^, 

D. Botterill'^'', J. Bouchami^^, J. Boudreau'^^, E.V. Bouhova-Thacker^', C. Bourdarios"^, N. Bousson^^, A. Boveia^", J. Boyd^^, 

I.R. Boyko*"^, N.I. Bozhko'^^ I. Bozovic-Jelisavcic'^'', J. Bracinik'^, A. Braem^**, P Branchini'^'*'', G.W. Brandenburg", 

A. Brandt^ G. Brandt'^ O. Brandt^"*, U. Bratzler'^^, B. Brau**'^, J.E. Brau'"*, H.M. Braun'^"*, B. Brelier'5^ J. Bremer^"*, 

R. Brenner""^, S. Bressler'^^ D. Breton"^ D. Britton5^ FM. Brochu", I. Brock^", R. Brock'*^ T.J. Brodbeck^', E. Brodet'^^ 

F. Broggi^^^, C. Bromberg^^, G. Brooymans^"*, W.K. Brooks^"", G. Brown**^, H. Brown^, PA. Bruckman de Renstrom^^, 

D. Bruncko"**, R. Bruneliere'*'*, S. Brunet*"', A. Bruni'''^ G. Bruni'''^ M. Bruschi'''^ T. Buanes'\ F Bucci'*'', J. Buchanan'"*, 
N.J. Buchanan^ P Buchholz"", R.M. Buckingham"**, A.G. Buckley S.I. Buda25^ I.A. Budagov*'^ B. Budick'°^ V. Buscher**', 
L. Bugge"^ D. Buira-Clark"^ O. Bulekov'''', M. Bunse''^, T. Buran"^ H. Burckhart^^ S. Burdin", T. Burgess'^ S. Burke'^"*, 

E. Busato^\ P Bussey", CP Buszello"'^, F Butin^'', B. Butler'''\ J.M. Buder^', CM. Buttar5\ J.M. Butterworth", 

W. Buttinger", T Byatt", S. Cabrera Urban'''^ D. Caforiol''^•l^^ O. Cakir3% P Calafiura''*, G. Calderini^^ P Calfayan^^ 

R. Calkins'"^ L.P Caloba^^^ R. Caloi'^-'-'^^b^ p Calvet3\ S. Calvet^^ R. Camacho Toro^^ P Camarri'^^" '^^\ 

M. Cambiaghi"''"•"''^ D. Cameron"^ S. Campana^^ M. Campanelli", V. Canale"'2a.i02b^ p Canelli^'^''', A. Canepal5''^ 

J. Cantero'*^, L. Capasso'^^^-^'^b^ M.D.M. Capeans Garrido^'', I. Caprini25^ M. Caprini25% D. Capriotti'''', M. Capua^*'^-^^'', 

R. Caputo'^s, R. Cardare^il"^ T. CarU^^, G. Carlino'^^^, L. Carminati'*''^■'*''^ B. Caron'^s^, S. Caron4^ G.D. Carrillo Montoya'", 

A.A. Carter''^ J.R. Carter^^ J. Carvalho'24a,'; d. Casadei"'^ M.P Casado", M. Cascella'^z^-'^zb^ C. Caso^^^-^'^''-*, 

A.M. Castaneda Hernandez'^^, E. Castaneda-Miranda'^^, V. Castillo Gimenez'^^, N.F Castro'^"*", G. Cataldi^^% F. Cataneo^', 

A. Catinaccio^^ J.R. Catmore^', A. Cattai^'', G. Cattanii^^^^^ i^^^\ S. Caughron'*^ D. Cauz"'4a,i64c^ p Cavalleri^^ D. Cavani^^% 

M. Cavalli-Sforza", V. Cavasinni'^^a.nab^ p Ceradini'^^4a,i34b^ ^ S Cerqueira23% A. Cerri^'', L. Cerrito", F Cerutti^^ 
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S.A. Cetinl**^ F. Ceveninii"2^ i"2b, A. Chafaq'^s^, D. Chakrabortyl"^ K. Chan", B. Chapleau^^ J.D. Chapman-^ J.W. Chapman'^^ 

E. Chareyre^^ D.G. Charlton'^, V. Chavda^^^ q Chavez Barajas'^ S. Cheatham^^ S. Chekanov^ S.V. Chekulaev'5''^ 

G.A. Chelkov^^ M.A. Chelstowska"'^, c. Chen''^, H. Chen^^, S. Chen''^':, T. Chen^^c^ ^ Chen'^^ S. Cheng32^ A. Cheplakov''^ 

V.F. Chepurnov''^ R. Cherkaoui El Moursli'^^5^ V. Chernyatin^^, E. Cheu^ S.L. Cheung'5^ L. Chevalier'^^*, G. Chiefari'°2a,i02b^ 

L. Chikovani^'", J.T. Childers5**^ A. Chilingarov^', G. Chiodini^2^ M.V. Chizhov''^ G. Choudalakis^^, S. Chouridou'", 

LA. Christidi", A. Christov4^ D. Chromek-Burckhart^^, M.L. Chu'^', J. Chudoba'^^, G. Ciapetti'^^a.oab^ ^ Ciba", A.K. Ciftci3% 

R. Ciftci^", D. Cinca^\ V. Cindro^^ M.D. Ciobotaru"'^ C. Cioccal'^"■'''^ A. Ciocio''*, M. Cirilli'*^ M. Ciubancan^^", A. Clark^^ 

RJ. Clark45, W. Cleland'^^, J.c. Clemens^^ B. Clement^^ C. Clement'^e^ '^e^ R.W. Clifft'^?^ y. Coadou'^^ M. Cobal''"*'' ''"*", 

A. Coccaro^°^'5'"', J. Cochran*"*, R Coe"^ J.G. Cogan'^^, J. Coggeshall"'^ E. Cogneras'", CD. Cojocaru2^ J. Colas'*, 

A. R Colijn'os, C. Collard"^ N.J. Collins'^ C. ColUns-Tooth^^ J. Collot^^ G. Colon'^'', R Conde Muino'^^^ E. Coniavitis"^ 
M.C. Conidi", M. Consonni'''^, V. Consorti'*^ S. Constantinescu^^^ C. Conta"^'' "^\ R Conventi"'^^ ), J. Cook^'', M. Cookel^ 

B. D. Cooper", A.M. Cooper- Sarkar"^ N.J. Cooper-Smith^^ K. Copic^'*, T. Cornelissen^^^-^"'', M. Corradi'''^ R Corriveau**^ *, 
A. Cortes-Gonzalez G. Cortiana'''', G. Costa**''% M.J. Costa"'^ D. Costanzo'^^^, T. Costin^^", D. Cote^'', L. Courneyea 

G. Cowan^^, C. Cowden", B.E. Cox^^^ Cranmer""^, R Crescioh'22a,i22b^ ^ Cristinziani^o, G. Crosetti^*"'-'''''', R. Crupi^^'^^b^ 
S. Crepe-Renaudin^^, C.-M. Cuciuc^^^ C. Cuenca Almenar'^^ T. Cuhadar Donszelmann'^^'', M. Curatolo''^, C.J. Curtis'^, 
R Cwetanski''!, H. Czirr'"', Z. Czyczula"^ S. D'Auria-*'\ M. D'Onofrio^\ A. D'Orazio'^^2a,i32b^ p yj^ Silva^^^ C. Da Via^^ 
W. Dabrowski", T. Dai'^^ C. Dallapiccola**'*, M. Dam^^^ M. Dameri^"^'^*, D.S. Damiani'", H.O. Danielsson^', D. Dannheim''^ 
V. Dao'*^ G. Darbo5°% G.L. Darlea^^'', C. Daum'°^ J.R Dauvergne W. Davey***, T. Davidek'^^, N. Davidson'^^ R. Davidson^', 
E. Davies"*^ '', M. Davies''^ A.R. Davison", Y. Davygora5'*% E. Dawe'42, j. Dawson'^"*, J.W. Dawson^ *, R.K. Daya^^ K. De\ 
R. de Asmundis'°2a, S. De C astro RE. De Castro Faria Salgado^^, S. De Cecco™, J. de Graat''^ N. De Groot'"'*, 
R de Jongi"^ C. De La Taille"^, H. De la Torre^", B. De Lotto'^'^^ '^''^ L. De Mora^', L. De Nooij"'\ D. De Redis'^^a^ 

A. De Salvo'^^a^ De Sanctis "'^'' i''^", A. De Santo'''^ J.B. De Vivie De Regie''^, S. Dean", R. Debbe^*, D.V. Dedovich''^ 

J. Degenhardt'^o, M. Dehchar"^ C. Del Rapa'*'*^' J. Del Reso^°, T. Del Rrete'^^^ '^^b, M. DeUyergiyev^'^, A. Dell'Acqua^^ 
L. DeirAsta'*'*^'*''\ M. Delia Pietra'^^aj; d. della Volpei°2a.i02b^ Delmastro^'', R Delpierre**\ N. Delruelle^'', RA. Delsart^^, 

C. Deluca'■*^ S. Demers'^^ M. Demichev^^ B. Demirkoz" ', J. Deng'*'\ S.R Denisov'2^ D. Derendarz^^^ J.E. Derkaoui'^^^'^, 
K Derue^^ R Dervan", K. Desch^", E. Devetak''*^ RO. Deviveiros'^^ A. Dewhurst'^**, B. DeWilde"^^ S. DhaHwal'5'\ 

R. Dhullipudi24'"', A. Di Ciaccio'^^''-'^^'^, L. Di Ciaccio^, A. Di Girolamo^'', B. Di Girolamo^'', S. Di Luisei^^''^-i^^''\ A. Di Mattia'*'\ 

B. Di Micco^'', R. Di Nardol3^^^•l3^^^ A. Di Simone'^^^ i^^b, R. Di Sipiol''^•l''^ M.A. Diaz^^l^ F Diblenl**^ E.B. Diehl**^ 
J. Dietrich^', T.A. Dietzsch5**% S. DigUo"^ K. Dindar Yagci3^ J. Dingfelder^o, C. Dionisi'32a,i32b^ p Dita^^^ S. Dm^^'\ 

F Dittus^'', F Djama'*^ T. Djobava^"', M.A.B. do Vale2^% A. Do Valle Wemans'^^^ T.K.O. Doan'*, M. Dobbs**^ R. Dobinson 

D. Dobos^^ E. Dobson^**, M. Dobson'", J. Dodd^"*, C. DogUoni"^ T. Doherty5^ Y. Doi^*" *, J. Dolejsi'^*', i. Dolenc^'^, 
Z. Dolezal'2^, B.A. Dolgoshein''*' *, T. Dohmae'^^ M. DonadelH^^d, M. Donega'^", J. Donini^^ J. Dopke2^ A. Doria'°2% 
A. Dos Anjos'", M. Dosil", A. Dotti'^z^ '^zb, M.T. Dova™, J.D. Dowell'^ A.D. Doxiadis"'^ A.T. Doyle^^, Z. Drasal'^s, 

J. Drees'^"*, N. Dressnandt'^", H. Drevermann^'', C. Driouichi^^ M. Dris^ J. Dubbert'''', T. Dubbs'", S. Dube''*, E. Duchovni'^', 

G. Duckeck'*^ A. Dudarev^'', F Dudziak*"*, M. Diihrssen I.R Duerdoth'*^, L. Duflot"^ M-A. Dufour'*^ M. Dunford^', 

H. Duran Yildiz^^\ R. Duxfield'^^'', M. Dwuznit^^ F Dydak M. Diiren^^ W.L. Ebenstein^^, J. Ebke'^'*, S. Eckert'^^ 
S. Eckweiler**', K. Edmonds**', C.A. Edwards^*-, N.C. Edwards^^^ W. Ehrenfeld^i, T. Ehrich'^'', T. Eifert^'', G. Eigen'^ 

K. Einsweiler'^, E. Eisenhandler", T. Ekelof"'^ M. El Kacimi'^^c^ Ellertl^^ S. Files'^, F Ellinghaus**', K. Ellis^-\ N. Ellis^'', 
J. Elmsheuser^^, M. Elsing^^, D. Emeliyanov'^^, R. Engelmann'**^, A. Engl^**, B. Epp^^, A. Eppig'^^, J. Erdmann^'*, A. Ereditato'^, 
D. Eriksson"^^^ J. Ernst', M. Ernst^^, J. Ernwein'^^, D. Errede"'^ S. Errede'*'^ E. Ertel**', M. EscaUer"^ C. Escobar'^^, 
X. Espinal Curull", B. Esposito''', F. Etienne**"^, A.l. Etienvre'^^, E. Etzion'^^, D. Evangelakou^"*, H. Evans^', L. Fabbri'^""'^'', 

C. Fabre^^ R.M. Fakhrutdinov'^s, s. Falciano'^^a^ y. Fang'^^^ M. Fanti'*''"•**''^ A. Farbin^ A. Farilla"4% J. Farleyl4^ 

T. Farooque'^^ S.M. Farrington"^ R Farthouat-*^, R. Fassnacht-**, D. Fassouliotis'*, B. Fatholahzadeh'^^ A. Favareto'*''''''*'''', 
L. Fayard"\ S. Fazio^^''-^^'', R. Febbraro3^ R Federic''^''% O.L. Fedin'^i, W. Fedorko^^ M. Fehling-Kaschek''^ L. FeHgioni**^ 

D. Fellmann^ C.U. Felzmann^'', C. Feng^^d^ g j peng30^ a.B. Fenyuk'^^, J. Ferencei"'*, J. Ferland^^ W. Fernando"''', 

S. Ferrag-''\ J. Ferrando^\ V. Ferrara**', A. Ferrari'^^, R Ferrari'"^, R. Ferrari"''^, A. Ferrer'^^, M.L. Ferrer''^, D. Ferrere"'^, 

C. Ferretti**^ A. Ferretto Rarodi^^^'^'"', M. Fiascaris^°, F Fiedler'^', A. Filipcic^'', A. Filippas'', F Filthaut'*"', M. Fincke-Keeler'^'', 

M.C.N. Fiolhais'24a ', L. Fiorini"'^ A. Firan^'', G. Fischer^', R Fischer M.J. Fisher"'^ S.M. Fisher'^'', M. Flechl'^^ 1. Fleck'"', 

J. Fleckner**', R Fleischmann'^\ S. Fleischmann'^'', T. Flick'^'*, L.R. Flores Castillo'", M.J. Flowerdew'''', M. Fokitis'', 

T. Fonseca Martin'^, D.A. Forbush'^^ A. Formica'^'', A. Forti**-, D. Fortin'^''^ J.M. Foster^^, D. Fournier"^ A. Foussat^'', 

A. J. Fowler"", K. Fowler'", H. Fox^', R Francavilla'^^^-'^^b, S. Franchino"''''•"''^ D. Francis^'', T. Frank'^', M. Frankhn^^ 
S. Franz^'', M. FraternaU"''''"'"', S. Fratina'-", S.T. French^^ F Friedrich "^ R. Froeschl^'', D. Froidevaux^^ J. A. Frost", 
C. Fukunaga'5^ E. Fullana Torregrosa^'', J. Fuster'^^ C. Gabaldon^'', O. Gabizon'", T. Gadfort^", S. Gadomski"'', 

G. Gagliardi5"'''50b, r Gagnon''', C. Galea''^ E.J. Gallas"^ M.V. Gallas^'', V. Gallo"', B.J. Gallop'^'', R Gallus'^^, E. Galyaev"", 
K.K. Gan'°'', YS. Gao'"^-^, V.A. Gapienko'2^ A. Gaponenko'", F Garberson'", M. Garcia-Sciveres'", C. Garcia'^\ J.E. Garcia 
Navarro"^ R.W. Gardner^o, N. Garelli^'', H. Garitaonandia'O^ V. Garonne^'', J. Garvey'^ C. Gatti"^ G. Gaudio"''% O. Gaumer"^ 

B. Gaur'"', L. Gauthier'^^ I.E. Gavrilenko''", C. Gay'^'\ G. Gaycken^", J-C. Gayde^'', E.N. Gazis^ R Ge"'', C.N.R Gee'^'', 
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D. A.A. Geerts"'^ Ch. Geich-GimbeP, K. Gellerstedti^*"'''^*''', C. Gemme^^\ A. Gemme\\^\ M.H. Genest''^ S. Gentile '^-''•i 3"'', 
M. George^'*, S. George^^, P. Gerlach'^'^, A. Gershon'5\ C. Geweniger5'*^ H. Ghazlane'^^'', P. Ghez"*, N. Ghodbane^^ 

B. Giacobbe'''", S. Giagu'^^a.oab^ y Giakoumopoulou^ V. Giangiobbe'^z^.^ab^ p Gianotti^'', B. Gibbard^^, A. Gibson'^**, 

S.M. Gibson^'', L.M. Gilbert' '^ M. Gilchriese"^, V. Gilewsky''!, D. Gillberg^^ A.R. Gillman'^'', D.M. Gingrich"^ J. Ginzburgl5^ 

N. Giokaris^ M.R Giordani'''^^ R. Giordano'O^^ 'O^b, p.M. Giorgi'^, R Giovannini'^'', PR Giraud'^^ D. Giugni'*^^ M. Giunta''\ 

R Giustii^% B.K. Gjelsten"^ L.K. Gladilin'*^ C. Glasman'*°, J. Glatzer^^, A. Glazov^i, K.W. Glitza'^^^ q l Glonti^^ 

J. Godfrey"'2, j. Godlewski^'', M. Goebel"*', T. Gopfert*^ C. Goeringer**', C. Gossling'^^^ T. Gottfert''^ S. Goldfai-b'^^ 

T. Golling'", S.N. Golovnia'^^ A. Gomes'24a.^', L.S. Gomez Fajardo'^', R. Gon9alo^^ J. Goncalves Pinto Firmino Da Costa"*', 

L. Gonella-", A. Gonidec^'', S. Gonzalez'^^^ § Gonzalez de la Hoz'^^ M.L. Gonzalez Silva^*, S. Gonzalez-Sevilla'*'', 

J.J. Goodson'''^ L. Goossens^**, PA. Gorbounov'^^ H.A. Gordon^^, 1. Gorelov'°^ G. Gorfine'^'', B. Gorini-*^, E. Gorini^^^'-^^b^ 

A. Gorisek^4^ £ Gomicki^^ S.A. Gorokhov'^^, v.N. Goryachev'^^, B. Gosdzik"*', M. Gosselink'°^ M.L Gostkin*^ 

I. Gough Eschrich'*'^ M. Gouighri'^5% D. Goujdami'^^^ M.P Goulette'*'', A.G. Goussiou■^^ C. Goy"*, 1. Grabowska-Bold'*"^-*, 

V. Grabskil^^ P Grafstrom^'', C. Grah'^^^ K-J. Grahn^', F. Grancagnolo^^a^ S. Grancagnolo'^ V. Grassi'^s, V. Gratchev'^', 

N. Grau^"*, H.M. Gray^^ J.A. Gray''*^ E. Graziani^^^^", O.G. Grebenyuk'^i, D. Greenfield'^^, T. Greenshaw'^^ 

Z.D. Greenwood^^'"', K. Gregersen^^ I.M. Gregor"*', P Grenier"*\ J. Griffiths'^^^ N. Grigalashvili''^ A.A. Grillo'^^^ 

S. Grinstein", Y.V. Grishkevich''^ J.-F Grivaz"^ J. Grognuz^^, M. Gl-oh''^ E. Gross'^', J. Grosse-Knetter^'*, J. Groth-Jensen'^', 

K. Grybel'^i, yj. Guarino^ D. Guest'^^^ C. Guicheney^^\ A. Guida^^^'^^b^ j Guillemin^, S. Guindon^^, H. Guler^^ ", 

J. Gunther'25, B. Guo'5^ J. Guo^^^ ^ Gupta^°, Y. Gusakov''^ V.N. Gushchin'-^ A. Gutie^-ez''^ P Gutierrez'", N. Guttman'", 

O. Gutzwiller'^^^ C. Guyotl3^ C. Gwenlanll^ C.B. GwilUam", A. Haas'^^, s. Haas^'', C. Haber'^, R. Hackenburg^^, 

H.K. Hadavand^^ D.R. Hadley'^ P Haefner'^^ F. Hahn^^ S. Haider^^ Z. Hajduk3^ H. Hakobyan'^'', J. Haller^^^ g Hamacher'^^^ 

P Hamal"^ A. Hamilton^^ S. Hamilton'", H. Han^^a^ £. Han^^b^ Hanagaki"^ M. Hance'^o, c. Handel^', P Hanke5'*% 

J.R. Hansen^^ J.B. Hansen^^ J.D. Hansen^^ RH. Hansen^^, R Hansson'^^, K. Hara"'^ G.A. Hare'", T. Harenberg'^^^ 

S. Harkusha''°, D. Harper'*^ R.D. Harrington^', O.M. Harris"^ K. Harrison", J. Hartert''^ F. Hartjes"'^ T. Haruyama^^ 

A. Harvey5^ S. Hasegawa'"', Y. Hasegawa'^o, s. Hassani'^'', M. Hatch^^, D. Hauf^*^ S. Haug'^ M. Hauschild^'', R. Hauser'*^ 

M. Havranek^o, B.M. Hawes"^ CM. Hawkes'^ R.J. Hawkings^'', D. Hawkins'", T. Hayakawa*'^ D Hayden^^ H.S. Hayward^^ 

S.J. Haywood'2^ E. Hazen^', M. He^^d, S.J. Head''', V. Hedberg™, L. HeeW, S. Heim^^ B. Heinemann'", S. Heisterkamp^^ 

L. Helary4, M. Heller"^ S. Hellman'4''"■'4''^ D. Hellmich^o, C. Helsens", R.C.W. Henderson^', M. Henke58% A. Henrichs^^, 

A.M. Henriques Correia^**, S. Henrot-Versille"^, F. Henry-Couannier'*'', C. Hensel^'*, T. Henfi"'*, CM. Hernandez', Y. Hernandez 

Jimenez"'', R. Herrberg'^ A.D. Hershenhorn'^^, G. Herten'*^ R. Hertenberger'^ L. Hervas^^ N.R Hessey'°^ A. Hidvegi"'^^ 

E. Higon-Rodriguez"'', D. Hill^ *, J.C HilF, N. Hill^, K.H. Hiller^', S. Hillert^", S.J. HiUier", 1. Hinchliffe'^, E. Hines'^", 
M. Hirose"^ F Hirsch^^^ D. Hirschbuehl"^, J. Hobbs'^^, N. Hod'5^ M.C Hodgkinson'^^ P Hodgson'^**, A. Hoecker^^ 
M.R. Hoeferkamp'°3, J. Hoffman^'', D. Hoffmann^^ M. Hohlfeld^', M. Holder'^', S.O. Holmgren'^''^ T. Holy'^', 

J.L. Holzbauer'*^ Y. Homma*"', T.M. Hong'^", L. Hooft van Huysduynen'°^ T. Horazdovsky'^', C. Horn"*^ S. Horner''^ 

K. Horton"'\ J-Y. Hostachy5^ S. Hou'^', M.A. Houlden'\ A. Hoummada'^^5^ J. Howarth'^^ D.F Howell"^ 1. Hristova '^ 

J. Hrivnac"^ 1. Hruska'^^, T. Hryn'ova"*, PJ. Hsu"^, S.-C. Hsu'"*, G.S. Huang'", Z. Hubacek'^', F Hubaut'*^ F Huegging^", 

T.B. Huffman"'\ E.W. Hughes^'', G. Hughes", R.E. Hughes-Jones**2, M. Huhtinen^'', P Hurst^', M. Hurwitz"*, U. Husemann"*', 

N. Huseynov''^'", J. Huston***^, J. Huth^', G. lacobucci'*'*, G. lakovidis'', M. Ibbotson**-, 1. Ibragimov''*', R. Ichimiya''', 

L. Iconomidou-Fayard"^ J. Idarraga"^ M. Idzik^', P lengo'*'^'''"'^'', O. Igonkina"'^ Y. Ikegami*"^, M. Ikeno^^ Y. llchenko^'', 

D. lliadis'^"*, D. Imbault'^ M. Imhaeuser"'', M. Imori'^^ T. Ince^o, J. Inigo-Golfin^'*, P Ioannou^ M. lodice'^''^ G. lonescu"*, 

A. Irles Quiles'", K. Ishii^'', A. Ishikawa^', M. Ishino^**, R. Ishmukhametov^*^, C. lssever"^ S. lstin"*% A.V. lvashin'^^ 

W. Iwanski^^ H. Iwasaki^^ J.M. Izen'*", V. Izzo'°2% B. Jackson'^o, J.N. Jackson", P Jackson'^^, M.R. Jaekel^^, V. Jain''', 

K. Jakobs'^^ S. Jakobsen^^ J. Jakubek'^', D.K. Jana'", E. Jankowski'5^ E. Jansen", A. Jantsch'''', M. Janus^", G. Jarlskog™, 

L. JeantyS', K. Jelen^', 1. Jen-La Plante^^, P Jenni^'', A. Jeremie^, P Jez^^ S. Jezequel^, M.K. Jha'''% H. Ji"2, W. Ji^', J. Jia'^^ 

Y. Jiang^^b^ jyj ji^enez Belenguer"*', G. Jin^^b^ 5 jjjj32a^ O. Jinnouchi'", M.D. Joergensen^\ D. JoflFe^'', E.G. Johansen'^ 

M. Johansen'^s^ '^sb^ K.E. Johansson '46% P Johansson'^'', S. Johnert*', K.A. Johns*', K. Jon-And'4^"•'^^^ G. Jones'*^ 

R.W.L. Jones", T.W. Jones", T.J. Jones", O. Jonsson^^ C. Joram-'', PM. Jorge'^^^ ^ J. Joseph''*, T. Jovin'2\ X. Ju'"*", 

V. Juranek'25, R Jussel''^, A. Juste Rozas", V.V. Kabachenko'2^ S. Kabana"', M. Kaci'^', A. Kaczmarska^^ R Kadlecik^^ 

M. Kado"^ H. Kagan'"'', M. Kagan^', S. Kaiser'''', E. Kajomovitz'^^, S. Kalinin'", L.V. Kalinovskaya^^ S. Kama^^ 

N. Kanaya'-*'^ M. Kaneda^'', T. Kanno'^', V.A. Kantserov''^ J. Kanzaki^^ B. Kaplan'", A. Kapliy^^", J. Kaplon^^, D. Kar4\ 

M. Karagoz"^ M. Karnevskiy'*', K. Karr^ V. Kartvelishvili", A.N. Karyukhin'^^ L. Kashif'", A. Kasmi3^ R.D. Kass"'^ 
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